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ORAL PRESENTATIONS

OP01. Deletion of a prodegenerative gene preserves visual function 
in a mouse model of retinal degeneration

Ms. Laura K  Finnegan1*, Dr. Naomi  Chadderton1, Dr. Sophia Millington-
Ward1, Dr. Paul  Kenna2, Dr. Arpad  Palfi1, Dr. Michael  Carty3, Prof. 
Andrew G  Bowie3, Prof. G Jane  Farrar1

1Smurfit Institute of Genetics, Trinity College Dublin, Dublin, Ireland
2Royal Victoria Eye and Ear Hospital, Dublin, Ireland
3School of Biochemistry and Immunology, TBSI, Trinity College Dub-
lin, Dublin, Ireland

Sex differences are seen in several neurodegenerative conditions, 
including Leber hereditary optic neuropathy, multiple sclerosis and 
primary angle closure glaucoma. The heterogeneity of these condi-
tions presents a hurdle for the development of gene-specific therapies. 
However, mechanistic commonalities between conditions indicate key 
pathways that may, in principle, be targeted using gene-independent 
strategies. One such pathway features the degeneration of axons in 
response to injury. Here, we evaluate the modulation of this pathway 
as a means to preserve the injured optic nerve, RGCs and associ-
ated visual function across sexes. We injected rotenone, a complex I 
inhibitor, intravitreally to mimic the mitochondrial dysfunction and 
subsequent retinal degeneration seen in Leber hereditary optic neu-
ropathy. We examined optokinetic response measurements in wild 
type and knockout mice lacking a key gene in this prodegenerative 
pathway. While both genotypes experienced a reduction in spatial 
vision following treatment with rotenone, knockout mice treated with 
rotenone exhibited significantly higher responses than their wild type 
counterparts. Given the influence of gender on some neurodegenera-
tive conditions, it was of note that this protection was present in both 
males and females and preserved over time. There was no sex dif-
ference within genotypes. Corroborating this preservation of visual 
function, histological analyses revealed protection of RGC bodies in 
wholemount retinas. Furthermore, significant preservation of axon 
density in optic nerves of rotenone-treated knockout mice relative to 
wild types was obtained.

OP02. Published https:// doi. org/ 10. 1016/j. euron euro. 2021. 07. 095

OP03. Abstract withdrawn

OP04. Published https:// doi. org/ 10. 1038/ s41598- 021- 99031-3

OP05. Revealing the recent demographic history of Europe via 
haplotype sharing in the UK Biobank

Dr. Edmund  Gilbert1,2*, Prof. Gianpiero  Cavalleri1,2

1Royal College of Surgeons in Ireland, Dublin, Ireland. 22. FutureNeuro 
SFI Research Centre RCSI, Dublin, Ireland

Haplotype-based analyses have recently been leveraged to interrogate 
fine-scale structure in specific geographic regions, notably in Europe. 
An equivalent understanding across the whole of Europe with these 
tools however is lacking and would provide an updated map of the 
European genetic landscape. Similarly, a study of Identity-by-Descent 
(IBD) sharing in a large sample of pan-Europe genotypes would allow 
both direct comparison between different demographic histories and in 
parallel identify communities conducive to genetic mapping.
In this context, we sought to investigate the extent of European ances-
try captured in the UK Biobank (UKBB), a large genetic dataset with 
world-wide ancestry. We sampled 4,920 UKBB individuals with a 
European birthplace and investigated population structure and demo-
graphic history in Europe. With one of the largest samples of genotypes 
from across the geographical extent of Europe we show in parallel the 
variety of footprints of demographic history in different genetic regions 
around Europe and expand knowledge of the genetic landscape of the 
east and south-east of Europe. We highlight novel analysis of island 
populations such as Malta and the Channel Islands, demonstrating with 
IBD-segment sharing the extent of population isolation and size. Our 
work builds and expands upon previous work in Europe and specific 
populations, highlighting UK Biobank as a source of diverse ances-
tries beyond Britain. We find novel results in multiple communities in 
Europe that are of interest to genetic mapping.

OP06. The National Alpha-1 Antitrypsin Deficiency Targeted 
Detection Programme

Dr. Tomás  Carroll1*, Ms. Geraldine  Kelly1, Ms. Orla  Cahalane2, Dr. 
Ilaria  Ferrarotti3, Prof. Gerry  McElvaney1

Published online: 14 June 2022
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1RCSI, Dublin, Ireland. 2Beaumont Hospital, Dublin, Ireland. 3Univer-
sity of Pavia, Pavia, Italy.

Alpha-1 antitrypsin deficiency (AATD) is a genetic disorder that can 
cause lung, liver, and rarely skin disease. The most common pathologi-
cal mutation is Z (Glu366Lys, rs28929474), which is carried by 1 in 
25 Irish people (Carroll et al., 2011). Guidelines advocate testing for 
AATD in COPD, poorly-controlled asthma, cryptogenic liver disease 
and panniculitis patients, as well as first degree relatives.
Over 21,500 individuals have been screened to date following World 
Health Organisation and joint American Thoracic Society (ATS)/
European Respiratory Society (ERS) guidelines in a national targeted 
detection programme. AAT phenotyping is by isoelectric focusing and 
AAT quantification is by turbidimetry. Rare and novel mutations are 
identified by SERPINA1 gene sequencing. We have identified 404 ZZ, 
411 SZ, 122 SS, 4,021 MZ, and over 200 individuals with rare AATD 
phenotypes (e.g. IZ, FZ, and IS). A number of ultra rare and novel 
SERPINA1 mutations have also been identified. These include I, F, 
 Mmalton,  Mwurzburg, and 5 different Null (Q0) mutations, of which 2 
were novel.
Our results illustrate the high prevalence of AATD in Ireland and 
the efficacy of targeted detection. Advantages of a diagnosis include 
increased smoking cessation and family screening. Systematic testing 
for AATD could help alleviate the burden of COPD which remains the 
primary cause of hospital admissions during the winter flu season. We 
strongly advocate that all COPD patients should be tested for AATD, 
regardless of age or smoking status, as per guidelines.

OP07. Lessons learned about whole genome sequencing from 
Northern Ireland’s participation in the 100,000 Genomes Project

Dr. Katie  Kerr1,2*, Dr. Shane  McKee2, Dr. Cheryl  Flanagan2, Prof. Amy 
Jayne  McKnight1

1Queen’s University Belfast, Belfast, United Kingdom. 2Belfast Health 
and Social Care Trust, Belfast, United Kingdom

Until recently, clinical molecular diagnostics within the National 
Health Service for rare and inherited diseases, have utilised targeted 
gene panels or exome sequencing approaches. These approaches do not 
necessarily yield a diagnosis for all genetic conditions. Whole Genome 
Sequencing (WGS) shows potential to increase diagnostic yield and, if 
integrated into care pathways, could potentially decrease the diagnostic 
odyssey timeline.
Northern Ireland (NI) recruited 448 rare disease probands to the 
100,000 Genomes Project (100KGP, https:// www. genom icsen gland. 
co. uk/ about- genom ics- engla nd/ the- 100000- genom es- proje ct/) and to 
date 1 in 4/1 in 5 participants have received a diagnosis. As part of the 
100KGP in NI, we also carried out a translational research workstream. 
This was a collaborative approach including healthcare professionals, 
researchers and patients. Outputs will be used to inform how WGS may 
be integrated into NI healthcare. Areas under consideration included: 1.
Comparison of NI diagnostic yield to the wider United Kingdom (UK). 
2. How we can improve diagnostic yield. 3. Clinical utility of WGS. 
4.Cost-effectiveness of WGS. 5. How we can better integrate WGS into 
multi-disciplinary healthcare.
Key findings included that diagnostic yields and operational process 
challenges were comparable between NI and the wider UK, yet sig-
nificant developments are required for WGS implementation (e.g. 
information technology infrastructure). There is considerable scope 
to extend research collaborations given adequate resources. Addi-
tional investigation of variants of unknown significance, improved 
phenotyping depth, and extended multiomics may improve diagnostic 
yield. WGS holds significant promise for the future of NI healthcare 

although discussions surrounding clinical utility and cost-effectiveness 
of WGS are ongoing.

OP08. Atypical findings from Non-Invasive Prenatal Testing: a 
case report

Dr. Brendan  McDonnell1,2*, Dr. Karen  Flood1,2

1Rotunda Hospital, Dublin, Ireland. 2Royal College of Surgeons in 
Ireland, Dublin, Ireland

Background: Atypical findings from non-invasive prenatal testing 
(NIPT) can increase anxiety for prospective parents. Obstetricians are 
often dealing with these time-sensitive results without Clinical Genet-
ics input.
Case report: A 42 yr old primiparous woman with an IVF pregnancy 
underwent NIPT at 11 weeks gestation. Panorama™ test reported low 
fetal fraction of 2.7%. There were no first trimester ultrasound find-
ings suggestive of aneuploidy. Redraw NIPT was performed and an 
atypical finding outside the scope of cell free fetal DNA testing was 
reported. Invasive testing was offered and after considering her options, 
the patient underwent amniocentesis at 19 weeks gestation despite the 
absence of fetal anatomical concerns.
Partial trisomy 21 was identified on amniocentesis PCR however fetal 
karyotyping revealed a normal male fetal karyotype, 46 XY. Array 
CGH revealed a 4.64 Mb copy number gain of uncertain clinical sig-
nificance within the 21q21.1q21.2 region of the long arm of Chromo-
some 21 (arr[GRCh37] 21q21.1q21.2(19886439_24526668) × 3). The 
patient considered termination of pregnancy, however she was strongly 
counselled to await parental genotyping.
Paternal genotyping revealed the father to be a phenotypically normal 
heterozygous carrier of the same copy number gain. A normal male 
3.4 kg infant was born at 38 weeks gestation.
Discussion: Abnormal NIPT results should always be confirmed by 
invasive testing. This case highlights the importance of obtaining a 
full genetic profile of a fetus before acting on results. Obstetricians 
are often interpreting complex prenatal genomic results in the absence 
of Clinical Genetics expertise. Ireland’s shortfall in Clinical Genetics 
services impacts pregnant women acutely.

OP09. The utility of an inherited kidney disease clinic employing a 
broad range of genomic testing platforms: Experience of the Irish 
Kidney Gene Project

Dr. Elhussein A E  Elhassan1,2*, Dr. Susan L.  Murray1,2, Dr. Dervla 
 Connaughton3,4, Dr. Claire  Kennedy1, Mr. Kane  Collins5, Dr. Edmund 
 Gilbert5, Prof. Mark  Little6, Prof. Gianpiero  Cavalleri5, Prof. Peter 
 Conlon1,2

1Department of Nephrology and Transplantation, Beaumont Hospital, 
Dublin, Ireland. 2Department of Medicine, Royal College of Surgeons 
in Ireland, Dublin, Ireland. 3Division of Nephrology, Department of 
Medicine, London Health Sciences Center, Ontario, Canada. 4Schu-
lich School of Medicine and Dentistry, University of Western Ontario, 
Ontario, Canada. 5School of Pharmacy and Biomolecular Sciences, 
Royal Collage of Surgeons in Ireland, Dublin, Ireland. 6Trinity Health 
Kidney Center, Trinity Translational Medicine Institute, Dublin, Ireland.

Introduction: Inherited kidney diseases (IKD) are increasingly identi-
fied in adult patients. Here we attempted to identify disease-causing 
variants and to assess the impact of the IKD clinic (IKDC) from diag-
nostic and clinical perspectives utilising various technologies (exome 
sequencing, comprehensive gene-panel, and MUC-1 sequencing) and 
immunostaining.
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Methods: We undertook a prospective cohort study of adult patients referred 
to an academic medical centre with suspected IKD as part of the Irish Kid-
ney Gene Project (IKGP). Patients with chronic kidney disease (CKD) 
with suspected IKD, family history of CKD, extrarenal features, or CKD 
of ‘’unknown cause’’ (uCKD) were recruited from various Irish centres.
Results: Over seven years, genetic testing was performed for 677 
adults. We achieved a molecular diagnostic rate of 56.7%. Among 
the identified disease-causing variants, PKD was the largest cohort 
(n = 183, 47.8% for PKD1 and PKD2), while mutations in three other 
causative genes were most prevalent among the remaining identified 
42 genes; MUC-1 (8.1%); COL4A5 (7.8%); UMOD (3.3%). In 167 
disease-causing variants, excluding PKD, the clinical diagnosis was 
confirmed in 60.5% and 18% of cases were reclassified. A molecular 
diagnosis was established in 27 (36.5%) patients with uCKD. Based 
on the genomic testing, a diagnostic kidney biopsy was unnecessary 
in 13 (7.7%) patients, 80 (47.3%) had their treatment plan altered and 
a further 76 (45%) patients had appropriate cascade testing.
Conclusions: The IKDC is a valuable resource and the implementa-
tion of a broad range of diagnostic platforms has a direct clinical and 
therapeutic impact on treatment of CKD patients.

OP10. Reflections on developments from our Northern Ireland 
Rare Disease Implementation Plan 2015–2020: helping patients 
get a final diagnosis and optimised care faster

Prof. Amy Jayne  McKnight1*, Dr. on behalf of the  NIRDFIG2

1Queen’s University Belfast, Belfast, United Kingdom. 2Northern Ireland 
Rare Disease Framework Implementation Group, Belfast, United Kingdom

Rare diseases are a major public health concern, cumulatively affect-
ing ~ 6% of the population. In 2015 the Northern Ireland rare disease 
implementation plan (NIRDIP)[1] was published, describing 51 com-
mitments. Key developments for molecular services included:

• The NI Genomic Medicine Centre was funded to facilitate peo-
ple from NI participating in the 100,000 genomes project (https:// 
tinyu rl. com/ UK100 KGP), gaining whole genome sequencing and 
improved diagnostic yield.

• Local bioinformatics architecture was developed—GenOCEANIC 
(Genomics Open Core Engine for Accelerating Northern Ireland 
Care), with patient experience measures and views from partici-
pating healthcare professionals supporting the development of 
genomic medicine for NI.

• Access to highly specialised treatments has been facilitated for 
multiple patients with specific molecular diagnoses.

• The development of ENCOMPASS introducing a digital integrated 
care record for Northern Ireland has significant potential to improve 
rare disease patient care, with customised training for data coding 
and input of phenotypic information critical to maximise diagnoses.

• An evolving programme of local workforce development, including 
CPD accredited events, helps health and social care professionals 
use genomics and bioinformatics.

• Harmonised rare disease molecular teaching in Queen’s University 
Belfast and Ulster University includes patient voice sessions.

The legacy from our NIRDIP includes the foundation of an All-Ireland 
Rare Disease Research Network. A knowledge exchange workshop was 
held in 2020 with multidisciplinary stakeholders to help prioritise rec-
ommendations for rare disease progress across NI.
[1] Department of Health, Social Services and Public Safety. Providing 
high quality care for people affected by rare diseases – the Northern Ireland 
implementation plan for rare diseases. https:// www. health- ni. gov. uk/ sites/ 
defau lt/ files/ publi catio ns/ dhssps/ ni- rare- disea ses- imple menta tion- plan- oct- 
2015. pdf.

POSTER PRESENTATIONS

P01. Published https:// doi. org/ 10. 1101/ 2022. 04. 02. 486242

P02. Published https:// doi. org/ 10. 1016/j. euron euro. 2021. 08. 189

P03. snpQT, an easy-to-use automatic software tool for comprehen-
sive genomic quality control, imputation and association analysis: 
application to Amyotrophic Lateral Sclerosis

Ms. Christina  Vasilopoulou1*, Dr. Benjamin  Wingfield1, Prof. Andrew 
P.  Morris2, Dr. Stephanie  Duguez1, Dr. William  Duddy1

1Northern Ireland Centre for Stratified Medicine, Altnagelvin Hos-
pital Campus, Biomedical Sciences Research Institute, University of 
Ulster, Derry/Londonderry, United Kingdom. 2Centre for Genetics and 
Genomics Versus Arthritis, Centre for Musculoskeletal Research, Man-
chester Academic Health Science Centre, University of Manchester, 
Manchester, United Kingdom

The rapidly increasing availability of genomic data for association 
studies (GWAS) highlights the need for standardized, transparent, and 
comprehensive genomic quality control pipelines to obtain reproduc-
ible and reliable results. We present snpQT; a scalable, automatic pipe-
line using Nextflow and BioContainers, which offers reproducible and 
interactive quality control and imputation pipelines for genomic data. 
The implemented workflows can be flexibly combined and tailored to 
the user’s preferences including a large variety of user-modifiable auto-
matic thresholds for sample and variant QC, population stratification, 
pre-imputation and post-imputation QC, local imputation and finally 
GWAS analyses. Results are organized into comprehensive.html and.
txt reports for easy inspection and better data exploration. snpQT is a 
user-friendly software tool demanding only minimal coding experi-
ence, automatically installing dependent software as well as setting up 
a local database for reference and auxiliary files. We apply snpQT to a 
genomic cohort of 1,000 Amyotrophic Lateral Sclerosis (ALS) patients 
and 1,000 healthy controls, to highlight the features and the perfor-
mance of the software. ALS is a progressively fatal disease and the 
most common late-onset motor neuron disorder, in which the molecular 
basis of motor neuron death is unclear. In the future, we plan to use 
snpQT as the main QC and GWAS software in a large ALS/Control 
cohort of 23,246 samples aimed at exploring the mechanisms of ALS 
pathology towards effective prognosis and treatment. Code and instal-
lation and usage guides for snpQT can be found at:
https:// github. com/ nebfi eld/ snpQT and https:// snpqt. readt hedocs. io/ 
en/ latest/.

P04. Feasibility study into reliable copy-number variant detection 
from targeted panel-based sequence data in a clinical laboratory

Dr. Gordon  Blackshields1*, Ms. Clara ffrench  Davis2, Dr. Sinéad 
 Howard1, Ms. Sarada Gandhi  Kolli1, Ms. Nisha  Gangadharan1, Dr. 
Joseph  Galvin3, Dr. James O’Byrne4,5, Prof. Peter O’Gorman1

1Next Generation Sequencing Laboratory, Pathology Department, 
Mater Misericordiae University Hospital, Dublin, Ireland. 2School of 
Medicine, University College Dublin, Dublin, Ireland. 3Mater Inher-
ited Cardiac Conditions Clinic, Department of Cardiology, Mater Mis-
ericordiae University Hospital, Dublin, Ireland. 4National Centre for 
Inherited Metabolic Disorders, Mater Misericordiae University Hos-
pital, Dublin, Ireland. 5Clinical Genetics Centre for Ophthalmology, 
Mater Misericordiae University Hospital, Dublin, Ireland

Background: Copy number variants (CNVs) are a type of structural 
variant (SV) in which large sections of genomic DNA (> 1 kb) are 
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duplicated/deleted. CNVs are important to population diversity, and 
have been associated with many genetic disorders. Their clinical rel-
evance underlines the importance of accurate CNV identification in a 
diagnostic setting. Although next generation sequencing (NGS) tech-
nology has revolutionised genetic testing, reliable CNV detection from 
NGS data remains a challenge. Most CNV detection algorithms infer 
copy number alteration from changes in target read depth, which for 
panel-based sequencing is known to be highly variable and influenced 
by several factors (e.g. batch effect, local GC content, sequence rep-
etition). Consequently, clinical labs have been slow to incorporate an 
NGS-based approach, favouring more traditional technologies such as 
array comparative genomic hybridisation (array CGH).
Objectives: The aim of the project is to investigate the feasibility 
of reliably identifying CNVs within individual samples sequenced at 
the MMUH NGS Laboratory. The panel-based assay offered by the 
MMUH targets ~ 17.5 Mb of the genome, covering ~ 6100 genes with 
known clinical relevance. The assay was designed for the detection of 
SNVs and small indels. Samples are typically unmatched, with no cor-
responding “normal” sample. Consequently, the set of other samples 
processed on the same sequencing run will be utilised instead as back-
ground. The project will assess several computational tools developed 
for this purpose, to determine their potential suitability as part of a 
diagnostic workflow. These tools will be benchmarked against publicly 
available reference datasets, and applied to in-house clinical datasets.

P05. Investigating the role of miR-182 in epithelial-mesenchymal 
transition in prostate cancer

Ms. M Y Cynthia  Stafford1*, Prof. Colin E  Willoughby1, Prof. Colum 
P  Walsh1, Dr. Declan J  McKenna2

1School of Biomedical Sciences, Ulster University, Coleraine, 
United Kingdom. 2School of Biomedical Sciences, Coleraine, United 
Kingdom

Introduction: miR-182 had been suggested to contribute to prostate can-
cer (PCa) progression in previous studies. It correlates with Gleason grades 
and prostate-specific antigen levels for PCa grading and diagnosis. In PCa, 
epithelial-mesenchymal transition (EMT) is a key process for disease pro-
gression. A previous in vitro study demonstrated dual roles of miR-182 
in EMT. However, the exact genes and pathways involved remain unclear. 
Therefore, this project aims to investigate this in vitro and in silico.
Methods: miR-182 expression was compared between PCa cells (PC3, 
22RV1 and DU145) and normal prostate cells (RWPE-1) by RT-qPCR. 
miR-182 expression was also profiled in clinical datasets using miR-
TV and its functional network was visualised in miRNet. EMT-related 
target genes were identified from miRTarBase, dbEMT and Regulome 
Explorer. Correlation with miR-182, expression and clinical signifi-
cance of the selected genes were investigated.
Results: In vitro tests showed elevated miR-182 expressions in PCa 
cells compared to normal cells. This was backed up by online clinical 
dataset analysis (tumour vs normal, p < 0.001). Visualisation of KEGG 
network showed significant functional association of miR-182 with 
PCa (p < 0.001). Bioinformatics analysis identified SNAI2, MITF and 
FOXO1 as EMT-related putative target genes (negative correlations, 
p < 0.001) that were downregulated in tumour. Low FOXO1 expression 
was significantly associated with poor prognosis (log-rank p = 0.022).
Conclusion: Results suggested that miR-182 is a worthy candidate for 
further investigation in PCa. To improve our understanding of PCa pathol-
ogy and explore clinical utility, further research is required to elucidate its 
roles in EMT by validating the interactions with identified target genes.

P06. Published https:// doi. org/ 10. 1016/j. euron euro. 2021. 08. 101

P07. Abstract withdrawn

P08. Published https:// doi. org/ 10. 1016/j. euron euro. 2021. 08. 076

P09. Characterization of lncRNA PSG8-AS1 in brain and cancer

Ms. Maria Becerra-Rodriguez1,2*, Ms. Carla Tort-Miro1, Dr. Tom 
 Moore1

1School of Biochemistry and Cell Biology, University College Cork, 
Cork, Ireland. 2The SFI Centre for Research Training in Genomics Data 
Science, Galway, Ireland

The lncRNA Pregnancy Specific Glycoprotein 8 Antisense 1 (PSG8-
AS1) maps to the human  PSG  segmental duplication at 19q13 
and is predominantly expressed in the brain. Downregulation of 
lncRNA PSG8-AS1 has been observed in low-grade gliomas (LGG) 
and glioblastomas (GBM). However, its role in the brain and cancer 
has not been evaluated. We examined RNA-seq and clinical data from 
TCGA and the Chinese Glioma Genome Atlas (CGGA) to elucidate 
the potential genes regulated by PSG8-AS1. High expression of cell 
adhesion and oligodendrocyte marker genes was associated with 
high PSG8-AS1 expression in LGG tumors and correlated with better 
survival in IDH-mutated, 1p/19q co-deleted gliomas (oligodendroglio-
mas). PSG8-AS1 showed simultaneous expression with myelin synthe-
sis genes in the human brain development dataset from the Allen Brain 
Atlas. Significant reductions in cell migration, and increased cell adhe-
sion gene expression, have been observed in glioma cell lines in the lab 
(U87, A172, Hs683) upon PSG8-AS1 overexpression. These results 
suggest that the previously uncharacterized lncRNA PSG8-AS1 has 
a role in brain development or function and that its aberrant expres-
sion could affect oligodendrocyte function and oligodendroglioma 
development.

P10. The Role of Common Genetic Variation in Presumed Monogenic 
Epilepsies

Mr. Ciaran  Campbell1,2*, Dr. Costin  Leu3,4,5, Dr. Yen-Chen Anne 
 Feng5, Dr. Stefan  Wolking6,7,8, Dr. Claudia  Moreau9, Dr. Collin 
 Ellis10, Dr. Shiva  Ganesan11,12,13, Dr. Helena  Martins4, Ms. Karen 
 Oliver14, Ms. Isabelle  Boothman1,2, Dr. Katherine  Benson1,2, Prof. 
Anne  Molloy15, Prof. Lawrence  Brody16, Prof. Holger  Lerche6, Prof. 
Patrick  Cosette17, Prof. Sanjay  Sisodiya4, Prof. Norman  Delanty1,18, 
Prof. Dennis  Lal3,5,19,20, Prof. Gianpiero  Cavalleri1,2

1The SFI FutureNeuro Research Centre, RCSI, Dublin, Ireland. 
2Department of Pharmacy and Biomolecular Sciences, RCSI, Dub-
lin, Ireland. 3Genomic Medicine Institute, Lerner Research Institute, 
Cleveland Clinic,, Cleveland, USA. 4UCL Queen Square Institute of 
Neurology, London, United Kingdom. 5Stanley Center for Psychiatric 
Research, Broad Institute of Harvard and M.I.T, Cambridge, USA. 
6Department of Neurology & Epileptology, Hertie Institute for Clini-
cal Brain Research, University of Tübingen, Tübingen, Germany. 
7Department of Epileptology and Neurology, University of Aachen, 
Aachen, Germany. 8Axe Neurosciences, Centre de recherche de 
l’Université de Montréal, Université de Montréal, Montréal, Canada. 
9Centre Intersectoriel en Santé Durable, Université du Québec à Chi-
coutimi, Saguenay, Canada. 10Department of Neurology, University 
of Pennsylvania, Philadelphia, USA. 11Division of Neurology, Chil-
dren’s Hospital of Philadelphia, Philadelphia, USA. 12Department of 
Biomedical and Health Informatics (DBHi), Children’s Hospital of 
Philadelphia, Philadelphia, USA. 13The Epilepsy NeuroGenetics Initia-
tive (ENGIN), Children’s Hospital of Philadelphia, Philadelphia, USA. 
14Epilepsy Research Centre, Department of Medicine, The University 
of Melbourne, Melbourne, Australia. 15Department of Medical Geron-
tology, School of Medicine, Trinity College Dublin, Dublin, Ireland. 
16Division of Intramural Research, National Human Genome Research 
Institute, National Institutes of Health, Bethesda, USA. 17Department 
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of Medicine, Neurology Division, Centre Hospitalier de l’Université 
de Montréal, Montréal, Canada. 18Department of Neurology, Beaumont 
Hospital,, Dublin, Ireland. 19Epilepsy Center, Neurological Institute, 
Cleveland Clinic, Cleveland, USA. 20Cologne Center for Genomics 
(CCG), University of Cologne, Cologne, USA

Background: The developmental and epileptic encephalopathies 
(DEEs) are a group of severe epilepsies which co-present with intel-
lectual disability, and occur in people without a family history of epi-
lepsy. DEEs are thought to be monogenic, caused by highly damaging 
rare mutations. Currently, around 40% of DEEs will screen-positive for 
an identifiable causative mutation following genetic analysis. Little is 
known about the genetic architecture of the remaining screen-negative 
DEEs. We used a method known as polygenic risk scoring(PRS) to test 
whether common risk factors are relevant to the DEEs.
Methods: Genetic data of 2,759 people with DEE across six stud-
ies and 477,760 controls were assembled for analysis. All cases were 
stratified for the presence of an identifiable deleterious genetic vari-
ant. Regression analysis was used to compare PRS for ‘all epilepsy’, 
‘focal epilepsy’, and ‘genetic generalised epilepsy’ (GGE) between 
all cases, stratified cases, and controls. Results were meta-analysed 
across cohorts.
Results:DEE cases had increased PRS for ‘all epilepsy’(p < 0.0001), 
‘focal epilepsy’(p < 0.0001), and ‘GGE’(p < 0.0002) relative to con-
trols. While the PRS of DEEs with and without an identified rare 
deleterious variant were not significantly different, both groups had 
increased PRS compared to controls.
Discussion: We provide the first evidence that common risk factors 
contribute to the development of DEEs. Our results suggest common 
genetic variation contributes to DEE status irrespective of a highly 
damaging rare genetic variant. These results are potentially impactful 
in the field of genetic diagnostics and motivate further research into 
DEEs as complex, rather than strictly monogenic, disorders.

P11. Identity-by-descent analysis of a large Tourette’s syndrome 
pedigree from Costa Rica implicates genes involved in neuronal 
development and signal transduction

Dr. Niamh  Ryan1*, Mr. Cathal  Ormond1, Dr. Yi-Chieh  Chang2, Prof. 
Nelson  Freimer3, Prof. Javier  Contreras4, Prof. Henriette  Raventos4, 
Prof. Carol A.  Mathews2, Dr. Elizabeth  Heron1, Prof. Michael  Gill1, 
Prof. Aiden  Corvin1

1Trinity College Dublin, Dublin, Ireland. 2University of Florida, Flor-
ida, USA. 3University of California, Los Angeles, USA. 4University of 
Costa Rica, San José, Costa Rica

Tourette Syndrome (TS) is a poorly understood, substantially herit-
able neuropsychiatric disorder that typically begins in early childhood. 
Identifying rare variants that make a significant contribution to risk 
in affected families may provide important insights into the molecu-
lar aetiology of this disabling condition. We report data from a large 
pedigree (> 500 individuals), densely affected by TS and co-morbid 
psychiatric disorders from a genetically isolated Costa Rican popula-
tion. The pedigree spans 11 generations and shares ancestry from six 
founder couples. We have generated whole genome sequencing (WGS) 
data for 19 individuals from this pedigree and performed an identity-
by-descent (IBD) analysis. Using this approach, we identified 11 hap-
lotypes that were: > 1 Mb in length; shared by at least three affected 
individuals sharing ancestry from the same founder couple(s); and 
absent in Costa Rican control samples. Fine-mapping of these haplo-
types using the WGS data identified rare (MAF < 0.01) and ultra-rare 
(MAF < 0.001) coding and non-coding variants in candidate genes. In 
particular we have identified a rare deleterious missense variation in 
RAPGEF1 and two ultra-rare putatively deleterious intronic variants in 
ERBB4 and IKZF2. RAPGEF1 has recently been implicated in a family 

study of neuropsychiatric symptoms, supported by a zebrafish model 
of this gene. ERBB4 participates in many critical functions, such as 
neurodevelopment and synaptic plasticity, while IKZF2 is a transcrip-
tion factor shown to play a role in neuronal development. Together, 
these variants represent biologically relevant targets for investigation 
in other pedigree and population-based TS data.

P12. Novel adeno-associated virus serotype delivers robust retinal 
ganglion cell transduction independent of route of administration

Dr. Naomi  Chadderton1*, Dr. Arpad  Palfi1, Dr. Sophia Milington-
Ward1, Dr. Paul  Kenna1,2, Prof. Jane  Farrar1

1Trinity College Dublin, Dublin, Ireland. 2Royal Victoria Eye and Ear 
Hospital, Dublin, Ireland

Purpose: Loss or dysfunction of retinal ganglion cells (RGCs) is a fea-
ture of several ocular disorders, including glaucoma and Leber heredi-
tary optic neuropathy. Efficient targeting of RGCs therefore represents a 
key step in designing gene therapies for these diseases. However, many 
AAV serotypes do not efficiently transduce RGCs. In the current study, 
we explored a novel AAV serotype, which has been demonstrated to 
transduce various neuronal cell types efficiently, to determine the extent 
of retinal transduction following intravitreal and systemic delivery.
Methods: The ubiquitous cytomegalvirus (CMV) promoter was used 
to drive the enhanced green flourescent protein (EGFP) reporter gene, 
packaged within a recombinant AAV expressing the novel capsid 
(AAV-X.CMV.EGFP). Four weeks post intravitreal or tail-vein injec-
tion in adult wild type 129 mice, tissues were harvested, fixed with 4% 
paraformaldehye and native EGFP expression evaluated using fluores-
cence microscopy.
Results: Intravitreal injection resulted in strong RGC transduction with 
some inner nuclear layer cells also transduced, a similar pattern to that 
found using intravitreal delivery of AAV2/2. Of note, tail-vein admin-
istration resulted in retinal transduction akin to utilising intravitreal 
delivery. However, this was more evenly distributed, providing pan-
retinal expression. Tail-vein administration of the novel capsid did not 
transduce photoreceptors, yet subretinal delivery demonstrated potent 
photoreceptor transduction.
Conclusion: This serotype provides a useful addition to the RGC trans-
duction toolbox, demonstrating robust RGC transduction for the first 
time. Notably, completely even expression and pan retinal delivery 
was achieved via systemic delivery. Some retinal gene therapies should 
significantly benefit from these features.

P13. Optimisation of gene delivery by AAV vectors in retinal pigment 
epithelial (RPE) cell models.

Ms. Iris J. M.  Post1*, Dr. Sophia Millington-Ward1, Dr. Naomi 
 Chadderton1, Ms. Rachel  Nixon1, Dr. Arpad  Palfi1, Prof. G. Jane 
 Farrar1

1Smurfit Institute of Genetics, University of Dublin, Trinity College, 
Dublin, Ireland.

Purpose: In Stargardt Disease reduced ABCA4 activity leads to retinal 
pigment epithelium (RPE) degeneration, causing irreversible and pro-
gressive vision loss. In this study we evaluated efficacies of ubiquitous 
and RPE-specific promoters to drive AAV-delivered transgene expres-
sion and determined the optimal AAV serotype for transduction in RPE 
cell models, including primary RPE cells.
Methods:  Constructs with EGFP and ubiquitous CMV or CAG 
promoters (AAV-CMV.EGFP, AAV-CAG.EGFP) were generated 
as recombinant AAV-vectors of serotypes 2/2, 2/5 and 2/8 and used 
to examine transduction efficiencies in RPE cell lines ARPE19 and 
hTERT-RPE1, and in primary porcine RPE cells. Additionally, a 
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construct encompassing the putative RPE-specific VMD2 promoter 
(AAV-VMD2.EGFP) was packaged into AAV2/8 for evaluation in pri-
mary RPE cells, compared to AAV2/8-CMV.EGFP. Cells were trans-
duced with AAV and fixed with paraformaldehyde. EGFP expression 
was analysed natively and by immunocytochemistry.
Results: Assays evaluating EGFP expression demonstrated that 
serotype AAV2/2 transduces ARPE19 and hTERT-RPE1 cells most 
efficiently. The order of efficacy was AAV2/2 > AAV2/8 > AAV2/5. 
This was mirrored in primary porcine RPE cells, where AAV2/5 
was ~ 35 × less efficient than AAV2/8, which itself was ~ 30 × lower than 
AAV2/2. Furthermore, the VMD2-promoter mediated strong EGFP 
expression, but significantly less than CMV.
Conclusion: Our data demonstrate the most efficient AAV serotypes 
for transducing various RPE cell models. We also evaluated different 
promoters for transgene expression and showed robust VMD2-mediated 
expression, albeit lower than CMV-mediated expression. These results 
will be used to design and evaluate potential therapeutics in disease 
models.
Funding EU Horizon 2020 (813490), SFI (16/IA/4452), Fighting 
Blindness Ireland, HRCI (MRCG-2016–14).

P14. Polygenic Risk Scores for Determining Number at Risk

Ms. Jinbo  Zhao1*, Dr. Adrian O’Hagan1, Dr. Michael Salter-Townshend1

1University College Dublin, Dublin, Ireland

What can the distribution of Polygenic Risk Scores (PRS) of a sam-
ple of individuals tell us about the risk of common disease across a 
population?
Common diseases are often polygenic in nature and the accuracy of 
PRS continues to increase as ever larger Genome Wide Association 
Studies identify more disease associated SNPs and use increasingly 
sophisticated statistical modelling to create the PRS. However, it 
remains the case that individual’s scores are often not accurate enough 
to be clinically useful.
We compare the ability of existing PRS strategies to accurately stratify 
individuals into risk categories and then explore scenarios in which 
individual level PRS are not clinically relevant, but where aggregate 
PRS statistics are potentially useful. Using cardiovascular disease as 
a case study, we examine UK Biobank data to estimate the number 
of individuals at risk of disease using PRS of a sub-sample of the 
population.
We assess what factors this depends upon, including how representative 
the samples are of the population, the disease prevalence, heritability, 
accuracy of the polygenic scores, and population structure. We conduct 
survival analysis with and without PRS after including traditional risk 
factors in the model, with the aim of identifying the conditions under 
which cohort level information is of use in identifying effective early 
interventions strategies. We validate our findings using out-of-sample 
performance and cross-validation.

P15. Abstract withdrawn

P16. Maternal genetic effects in autism spectrum disorder

Ms. Kim  Vucinic1,2*, Ms. Catherine Mahoney  Carlisle2,3, Prof. Denis 
 Shields2,4

1Dept. of Biology, University of Zagreb, Zagreb, Croatia. 2School 
of Medicine, University College Dublin, Dublin, Ireland. 3School of 
Mathematics and Statistics, University College Dublin, Dublin, Ireland. 
4Conway Institute of Biomolecular and Biomedical Research, Univer-
sity College Dublin, Dublin, Ireland.

Around 2% of children in the world are diagnosed with autism spec-
trum disorder (ASD) that has a complex biology consisting of both 
genetic and environmental components. There are findings suggesting 
that maternal genetic composition affects the development of ASD in 
offspring. The subject matter is underresearched and the replication of 
findings is problematic. The aim of this study is to identify potential 
candidate loci in mothers that might increase the risk of development 
of ASD in offspring. A case–control genome-wide association study 
was performed on the SPARK dataset (n = 27,290) that consists of 
quad, trio and duo families where one or multiple individuals can be 
affected. Affected children’s mothers and fathers were used as cases 
and controls, respectively. Maternal genetic effects were also modelled 
with log-linear models proposed by Weinberg (1999). In addition, per-
mutation tests were used to assess the significance of the Bayes factor 
that was used to rank SNPs according to their degree of association. 
The results indicate involvement of maternal genetic effects in the off-
spring’s development. The finding of variants associated with increased 
risk of developing ASD is important for understanding the aetiology of 
ASD, which could lead to better personalized medicine in the future.

P17. Extending the Irish genetic landscape and recent demographic 
history with over 3400 samples of Irish origin

Ms. Ashwini  Shanmugam1,2*, Prof. Anne M.  Molloy3, Dr. Lawrence 
 Brody4, Mr. Michael  Merrigan5, Mr. Seamus O’Reilly5, Prof. Gianpiero 
L.  Cavalleri1,6, Prof. Russell  McLaughlin7, Dr. Ross  Byrne7, Dr. Edmund 
 Gilbert1,6

1School of Pharmacy and Biomedical Sciences, Royal College of 
Surgeons in Ireland, Dublin, Ireland. 2The SFI Centre for Research 
Training in Genomics Data Science, National University of Ireland 
Galway, Galway, Ireland. 3School of Medicine, Trinity College, 
Dublin, Ireland. 4Genetics and Environment Interaction Section, 
National Human Genome Research Institute, National Institutes 
of Health, Bethesda, USA. 5Genealogical Society of Ireland, Dún 
Laoghaire, Ireland. 6The FutureNeuro Research Centre, Dublin, 
Ireland. 7Complex Trait Genomics Laboratory, Smurfit Institute of 
Genetics, School of Genetics and Microbiology, Trinity College, 
Dublin, Ireland

Previous studies utilising individuals annotated by geographic origin 
have demonstrated subtle but discrete genetic structure within the Irish 
population and have detected admixture signals indicative of gene flow 
consistent with historical migrations into Ireland. However, these stud-
ies were individually limited by sample size, which in turn limited the 
resolution of their haplotype-based population structure analyses. We 
therefore set out to assemble a large sample of Irish ancestry references 
with geographic-origin annotations to expand our understanding of 
genetic structure across the island of Ireland. We refined the existing 
fine-scale genetic population structure and offer preliminary insights 
into the demographic history of Ireland.
Datasets from four studies were combined (n = 3461 individuals total) 
to ensure a more comprehensive representation of the Irish population 
—the Irish DNA Atlas (n = 194), the Trinity Irish population-
based ALS case–control cohort (n = 991), the Trinity Student Study 
(n = 2232) and the Northern Irish subset of the People of the British 
Isles dataset (n = 44). To our knowledge, the combined data consists 
of the largest collection of Irish genotype array data with geographical 
provenance. Leveraging patterns of haplotype similarity, we identi-
fied genetic clusters in the Irish population using fineSTRU CTU RE; 
consistent with previous reports, we observed the population substruc-
tures separate along geographic boundaries. Additionally, we inferred 
Irish demographic history for the first time using identity-by-descent 
(IBD) analysis.
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We intend use the results from these analyses to help disentangle 
the relative effects population structure and demographic history 
on the genetic architecture of complex diseases, such as epilepsy or 
amyotrophic lateral sclerosis (ALS).

P18. Polygenic burden for intracranial aneurysm and hypertension 
in deceased kidney donors who died of intracranial haemorrhage

Mr. Kane  Collins1*, Dr. Edmund  Gilbert1, Mr. Elhussein  Elhassan2, 
Prof. Graham  Lord3, Prof. Peter  Conlon2,1, Prof. Gianpiero  Cavalleri1

1RCSI, Dublin, Ireland. 2Beaumont Hospital, Dublin, Ireland. 3Univer-
sity of Manchester, Manchester, United Kingdom

Background: Intracranial haemorrhage is a common cause of death 
among kidney donors, but limited research has been done to investigate 
polygenic burden for intracranial aneurysm (IA) and hypertension in 
deceased transplant donors.
Methods: Our data consisted of 2,122 genotyped donor-recipient pairs 
from the United Kingdom and Ireland Renal Transplant Consortium 
(UKIRTC) and 5,519 controls from the 1958 British Birth Cohort and 
UK Blood Service. We created polygenic risk scores for IA and hyper-
tension using published GWAS summary statistics for these traits. We 
investigated the difference in PRS between the UKIRTC donors who 
died of intracranial haemorrhage (1,303 individuals) and the controls 
while adjusting for relevant covariates.
Results: We found that the IA PRS explained 4.1% of the variance 
between case and control status (p-value: 9.6 ×  10–39). The odds ratio 
on the phenotype for those in the lowest demi-decile of the IA PRS was 
0.52 (95% CI: 0.34–0.82) compared to 2.8 (1.9–4.0) for those in the 
highest demi-decile. Similarly, the PRS for hypertension explained 1% 
of the variance (p-value: 7.5 ×  10–10) and the corresponding odds ratios 
were 0.68 (CI: 0.46–1.0) and 1.5 (1.1–2.3) for those in the lowest and 
highest demi-deciles respectively.
Conclusions: These observations could have utility in testing relatives 
of donors who died of intracerebral haemorrhage to determine if they 
share the same risk for intracerebral haemorrhage and if so to may be 
useful in advising regarding screening or other precautions to minimise 
their risk of intracerebral haemorrhage. These observations need to be 
confirmed in other cohorts.

P19. Published https:// doi. org/ 10. 1101/ 2022. 02. 02. 478802

P20. Published http:// dx. doi. org/ 10. 1136/ heart jnl- 2021- ICS.4

P21. Everolimus for drug-resistant seizures in tuberous sclerosis 
complex: an Irish experience.

Dr. Patrick B.  Moloney1,2*, Ms. Claire  Behan3,2, Prof. Colin. P  Doherty3,2, 
Dr. Daniel J.  Costello4,2, Dr. Hany El-Naggar1,2, Prof. Norman  Delanty1,2

1Beaumont Hospital, Dublin, Ireland. 2FutureNeuro Research Centre, 
Royal of College of Surgeons in Ireland, Dublin, Ireland. 3St. James’s 
Hospital, Dublin, Ireland. 4Cork University Hospital, Cork, Ireland

Background: Tuberous sclerosis complex (TSC) is a genetic disorder 
characterised by multisystem benign tumours and drug-resistant epi-
lepsy. Aberrant mechanistic target of rapamycin (mTOR) signalling 
results in the hamartomas and epilepsy associated with TSC. Everoli-
mus, a synthetic mTOR inhibitor is an approved treatment for sub-
ependymal giant-cell astrocytoma, renal angiomyolipoma and most 
recently, drug-resistant seizures in TSC.
Methods: An observational study of the safety and efficacy of everoli-
mus for TSC-related drug-resistant seizures in three Irish epilepsy centres
Results: Eleven patients have started treatment with everolimus. The 
mean age was 34.5 years (range 17–54 years). They all had highly 

active epilepsy (73 seizures per month, mean) and had been trialled 
on a mean of 8 anti-seizure medications previously. Six patients have 
TSC2 mutations, 3 have TSC1 mutations and genetic testing has not 
been performed on two patients. The mean duration of treatment is 
17 months (range 1–76 months). Eight patients experienced a signifi-
cant reduction in seizure frequency (> 50% reduction). Four patients 
developed stomatitis and one patient discontinued treatment to become 
pregnant. No other adverse events were recorded.
Discussion: Epilepsy is a major cause of morbidity and mortality in 
TSC. Everolimus improves seizures by targeting the specific molecular 
defect in TSC. Our data supports the use of everolimus for seizures in 
TSC. Specialised care is required to manage treatment-related compli-
cations and to monitor everolimus serum levels.

P22. The Experiences of Families Receiving a Diagnosis of 22q11.2 
Deletion Syndrome in Ireland

Ms. Emma O’Donoghue1,2*, Prof. Marion  McAllister1, Ms. Roberta 
 Rizzo1

1Cardiff University, Centre for Medical Education, Wales, United King-
dom. 2Children’s Health Ireland, Dublin, Ireland

Background: 22q11.2 deletion syndrome (22q11DS) diagnoses may 
not be communicated to families in Ireland in a family-centred manner. 
Families often wait over one year to see a genetic counsellor. This study 
aimed to explore the experiences of 22q11DS families regarding the 
need for timely access to genetic counselling.
Methods: Parents of children with 22q11DS were recruited through 
22q Ireland. Semi-structured interviews explored experiences of diag-
noses, medical care, genetic counselling and mental health (MH). Inter-
views were transcribed verbatim and analysed using thematic analysis.
Results: The experiences of 20 participants were classified into five 
main themes; Receiving Diagnosis, Interactions with Healthcare Pro-
fessionals (HCPs), Medical Care, Information and Impact of Condition. 
Participants reported receiving diagnoses for their children in a sub-
optimal manner due to inappropriate settings and insufficient informa-
tion, support and pre-test counselling. Parents reported feeling respon-
sible for managing their child’s fragmented medical care. Participants 
reported insufficient empathy and little awareness of 22q11DS amongst 
HCPs. Participants perceived genetic counselling to be associated with 
family planning and reported delayed, if any, access to services. MH 
was a particular worry amongst participants. 22q Ireland conferences 
are the main source of information for parents. Participants reported 
a range of emotions after diagnoses and described the family impact.
Conclusions:Findings suggest associations between HCPs poor 
understanding of 22q11DS and the perceived lack of empathy and 
fragmented care. Increased awareness of 22q11DS amongst HCPs 
and development of a coordinated care pathway for 22q11DS with 
timely access to genetic counselling may improve care and lead to 
better outcomes.

P23. Everolimus as a precision therapy for drug-resistant seizures 
in GATOR1 complex mTORopathies

Dr. Patrick B.  Moloney1,2*, Dr. Michael  Doyle1,2, Dr. Hugh  Kearney3,2, 
Dr. Hanny El-Naggar1,2, Dr. Katherine  Benson2, Prof. Gianpiero L. 
 Cavalleri2, Prof. Norman  Delanty1,2

1Beaumont Hospital, Dublin, Ireland. 2FutureNeuro Research Centre, 
Royal College of Surgeons in Ireland, Dublin, Ireland. 3St. Vincent’s 
University Hospital, Dublin, Ireland

Purpose: GAP activity towards RAGs 1 complex (GATOR1) is a nega-
tive regulator of mechanistic target of rapamycin (mTOR) signalling. 
Pathogenic variants in genes encoding GATOR1 (DEPDC5; NPRL2; 
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NPRL3) are associated with drug-resistant epilepsy. Similar to tuber-
ous sclerosis complex (TSC), epileptogenesis in the ‘GATORopathies’ 
appears to be mediated by excessive mTOR activation. Everolimus, 
an mTOR inhibitor is an approved treatment for TSC-related seizures. 
Here, we study everolimus as a treatment for drug-resistant seizures in 
GATOR1 epilepsies.
Method: An observational open-label study of everolimus for drug-
resistant seizures in GATOR1 epilepsies. People with epilepsy 
(PWE) caused by mutations in DEPDC5, NPRL2 or NPLR3 genes 
were identified by research whole exome sequencing (WES) and 
confirmed at an accredited genetics laboratory.
Result: Four individuals with drug-resistant epilepsy and GATOR1 
mutations (3 DEPDC5; 1 NPLR3) have started treatment with 
everolimus. Three have nocturnal frontal lobe epilepsy, and one has 
multifocal epilepsy with peri-ictal psychiatric symptoms. Two have 
intellectual disability. All have normal brain imaging. Prior to com-
mencing everolimus, two had daily seizures and two had 2–3 seizures 
per week. The mean duration of treatment is 12.5 months (range 
6–19 months). Two have experienced a greater than 50% reduc-
tion in seizure frequency. No adverse events have led to treatment 
discontinuation.
Conclusions: Non-TSC mTORopathies are emerging as an impor-
tant cause of drug-resistant epilepsy. Diagnostic WES should be 
considered for refractory non-lesional epilepsy or epilepsy due to 
cortical dysplasia. Preliminary data suggests that everolimus may 
be an effective targeted therapy for drug-resistant epilepsy caused 
by mutations in GATOR1 genes.

P24. Published https:// doi. org/ 10. 1007/ s11845- 021- 02637-9

P25. Diagnostic yield of exome sequencing in patients with ultra-
refractory epilepsy without intellectual disability

Dr. Michael  Doyle1,2,3*, Dr. Katherine  Benson2,3, Dr. Patrick 
 Moloney1,2,3, Dr. Robert  Carton2,3, Dr. Hugh  Kearney1,2,3, Dr. Hany 
El  Naggar1, Dr. Peter Widdess-Walsh1, Prof. Gianpiero  Cavalleri2,3, 
Prof. Norman  Delanty1,2,3

1Beaumont Hospital, Dublin, Ireland. 2FutureNeuro SFI Research 
Centre, Dublin, Ireland. 3Royal College of Surgeons in Ireland, Dub-
lin, Ireland

Background: The diagnostic yield of whole exome sequencing can be 
as high as 40% in people with intellectual disability (ID) and seizures. 
However, the utility of exome sequencing is currently unclear for peo-
ple with epilepsy without ID. The aim of this study was to evaluate the 
yield (percentage) of genomic testing, following American College 
of Medical Genetics (ACMG) guidelines, for pathogenicity in people 
with epilepsy without learning disability, stratified by response to anti-
epileptic drug treatment.
Methods: Cases, identified via the Beaumont Hospital Electronic 
Patient Record (EPR) system, were clinically phenotyped and sub-
divided into 4 groups: super-refractory focal epilepsy (who have 
failed five or more medications), super-refractory generalized epi-
lepsy (who have failed three or more medications), ILAE-defined 
refractory epilepsy (despite trials of two medications) and respond-
ers (who have achieved seizure freedom with medication). Exome 
data was analyzed using a genomic analysis toolkit (GATK/in house 
pipeline and Congenica) and were discussed at an epilepsy-genetics 
multidisciplinary team meeting.
Results: A total of 327 individuals were included in the study, of 
whom 3.06% had an identifiable genetic cause for their epilepsy. 
Of 140 patients with super-refractory epilepsy (combined focal and 
generalized), the diagnostic yield was 5.71%, elevated beyond the 
level observed in responsive patients (1%) although the difference 
was not significant (p = 0.08).

Discussion: We have suggestive evidence that super-refractory epi-
lepsy may be enriched for cases with an identifiable ACMG-satisfying 
mutation. We are currently extending the study to a larger patient 
group and analysis is ongoing.

P26. Accurately capturing Rare Diseases in developing Irish 
Electronic Healthcare Records

Dr. Daniel  Murphy1, Prof. Eileen  Treacy1, Prof. Sally Ann  Lynch2, Ms. 
Deborah  Lambert1*

1Mater Misericordiae University Hospital, Dublin, Ireland. 2Children’s 
Health Ireland (Crumlin), Dublin, Ireland.

Provision of population healthcare requires accurate national data. The 
HSE has identified Electronic Health Records (EHR) as key for future 
health delivery and Integrated care. Secondary output from EHR data 
will populate National Patient Summaries, registries and health service 
analysis by proposed use of SNOMED-CT medical terminology in 
EHRs and national datasets.
Accurate capture of diagnosed Rare Diseases (RDs), as-yet-undiagnosed 
patients, and those with syndromes without a name (SWAN) is neces-
sary. We tested the proposed EHR medical coding using the SNOMED-
CT to Orphacode map on hypothetical datasets. We created a list of Irish 
high-prevalence RDs based on the literature and Irish expert opinion.
We estimate that SNOMED-CT coding in EHRs with mapping to 
Orphacodes for secondary use would capture 82.0%-94.5% of diag-
nosed RDs (lowest: rare genetic diseases in Irish Travellers; highest: 
Irish high-prevalence RDs). This approach is suboptimal for undiag-
nosed RDs and SWAN, leading to a substantial loss of data affect-
ing ~ 25% of patients in RD expert centres; ~ 50% of clinical genetics 
patients; and 97% of patients in the European Reference Network for 
Congenital Anomalies Registry. With 52% of paediatric inpatient bed-
days being used by children with RDs (E Gunne, personal communica-
tion), exclusive SNOMED-CT coding would lead to incomplete coding 
for ~  > 9% of bed-use data at Children’s Health Ireland.
Inclusion of Orphacodes directly into Irish EHRs would facilitate accu-
rate capture of named RDs, undiagnosed RDs and SWAN; facilitating 
outcome monitoring of RD treatment and care, economic analysis of 
RD activity and interoperability with ERNs integrating into national 
healthcare systems.

P27. Duplicate Referrals—Counting the cost to the Health Service.

Dr. Nicola  Walsh1*, Ms. Lisa  Malone1, Prof. Sally Ann  Lynch1

1Department of Clinical Genetics, CHI at Crumlin, Dublin, Ireland.

The waiting list in Clinical Genetics is prolonged. Anecdotally, we 
noted our service receiving duplicate referrals (referrals for patients 
already on the waiting list who hadn’t yet been seen). Each of these 
waste both consultant and administrative time, it diverts attention away 
from ongoing cases and therefore is a clinical risk. We audited dupli-
cate referrals over a 3 month period (01/11/2020–31/01/2021) to esti-
mate costs to the Irish health service; 82/986 (9%) referrals that were 
received were duplicate referral, 26/82 were a triplicate or more referral 
for same patient. The average length of time between first and second 
referral was 378 days indicating they arise at annual review with origi-
nal referrer; 52 (63%) were from the same initial referring consultant. 
Duplicate referrals changed the triage outcome in 7/82 (8.54%) cases.
We performed time analyses managing duplicate referrals from both 
the referring and receiving consultant and administrative teams. Each 
individual re-referral costs €47.6. For the study period, the total cost 
of re-referrals to the health care system was €3,908.6. The National 
treatment purchase fund (www. ntpf. ie) cited > 200,000 patient 
waiting > 12 months for an appointment in the Irish Republic on 
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01/01/2021. Assuming duplicate referrals are occurring at a similar 
rate in other specialties (9%), then ~ 18,000 duplicate referrals are sent 
annually within the HSE. Extrapolating from this, we estimate the over-
all cost to the HSE being €856,800 per annum. Our study was carried 
out during covid 19, referrals were down 10% indicating that the true 
cost is likely higher.

P28. Clinical re-validation of copy number variant referrals on a 
clinical genetics waiting list

Dr. Nicola  Walsh1, Prof. Sally Ann  Lynch1, Dr. Lisa  Bradley1, Ms. 
Sarah  McCabe1, Ms. Sarah  Metajer1, Ms. Aiveen  Carey1, Ms. Heather 
 Kelly1, Ms. Linda  McArdle1, Ms. Paula  Carty1, Ms. Aine O’Halloran1, 
Dr. Janna  Kenny1

1Department of Clinical Genetics, CHI at Crumlin, Dublin, Ireland

Background: Increased demands for under-resourced genetic services 
is managed by consultant triage including restricting referral indica-
tions. We conducted a clinical validation of referrals relating to chro-
mosome microarray findings to reduce the waiting list/time ( approx-
imately three years for routine referrals in the Irish Republic).New 
International System for Human Cytogenomic Nomenclature (ISCN) 
reporting guidelines on copy number variation (CNV) reporting mean 
that some historic array copy number variants (CNVs) would now be 
considered benign and not reported. Our study aim was to identify 
these and provide advice by letter.
Methods: Updates in the Decipher database allowed standarisation 
of CNV review. 191 referrals matched the validation criteria. Clini-
cal records with test reports were included. The cytogenetic staff 
reviewed ~ 40 overlapping cases concurrently. Patients with a signif-
icant CNV or clinical phenotype would remain on the waiting list; 
those with a likely benign CNV and mild phenotype would receive 
standarised information letters instead of an appointment with notifi-
cation to referrer.
Results: 191 referrals with a request to review a CNV were included. 
58 (30.4%) patients referred had likely benign CNVs with a mild phe-
notype and were removed from the waiting list. 41 (21.5%) had benign 
CNVs but appointments are required as the clinical indication was 
strong; 76 (39.8%) were deemed to have a significant CNV event and 
require an appointment.
Conclusion: 30% of referrals for interpretation of array showed likely 
benign normal human variation. It is important to introduce systems 
to avoid flooding waiting lists with normal human variation identified 
by new genomic technologies.

P29. Variation in variant assessment, an inter-laboratory comparison

Dr. Sinéad  Howard1*, Ms. Nisha  Gangadharan1, Ms. Sarada Gandhi 
 Kolli1, Dr. Gordon  Blackshields1, Dr. James J O’Byrne2,3, Dr. Soledad 
García Hernández4, Dr. Joseph  Galvin5, Prof. Peter O’Gorman1

1Next Generation Sequencing Laboratory, Mater Misericordiae Univer-
sity Hospital, Dublin, Ireland. 2National Centre for Inherited Metabolic 
Disorders, Mater Misericordiae University Hospital, Dublin, Ireland. 
3Clinical Genetics Centre for Ophthalmology, Mater Misericordiae 
University Hospital, Dublin, Ireland. 4Health in Code, A Coruna, 
Spain. 5Mater Inherited Cardiac Conditions Clinic, Department of 
Cardiology, Mater Misericordiae University Hospital, Dublin, Ireland

The Next Generation Sequencing (NGS) Laboratory has established 
germline genetic testing for Cardiology patients attending the Inherited 
Cardiac Conditions clinic at the Mater Misericordiae University Hos-
pital. Inter-laboratory comparison of testing is an essential part of the 
ISO15159 for medical laboratories. The NGS Laboratory participated 
in an inter-laboratory comparison with Health in Code (HIC) in Spain.

Sixty-nine samples were included in the comparative assessment. Neg-
ative reports, whereby no variants of interest were established, were 
reported in 42 cases from the NGS Laboratory compared with 33 cases 
from HIC. The difference in number of negative reports was explored 
and the discrepancy arose mostly due to variants reported by HIC that 
were not covered by the test method employed in the NGS Laboratory. 
Positive reports (variant of interest established) were released for the 
remaining 27 patients from the NGS Laboratory; positive reports were 
also released by HIC for these patients. However, a comparison of the 
reported variants across the two sites identified differences in the clas-
sification applied in 9/27 samples (33%). The cause of the deviations 
was explored and included the classification method applied by the two 
sites. The comparison of this cross laboratory classification of variants 
is discussed in the context of internationally reported data.
The aim of participation in inter-laboratory studies is to standardise 
results across institutions. However, as shown here, certain aspects of 
variant classification differed across the two sites, highlighting the need 
for common classification structures as recommended by the American 
College of Medical Genetics and Genomics.

P30. Cerebellum structural development in individuals with 
NRXN1 deletions, a rare copy number variant associated with 
neurodevelopmental disorders

Mr. Mark  Duffy1*, Dr. Ciara J  Molloy1, Dr. Jacqueline E  Fitzgerald1, Dr. 
Niamh  McDevitt1, Mr. Matthew O’Sullivan1, Dr. Maryam Al-Shehhi2, 
Prof. Richard B  Reilly1, Dr. Sally Ann  Lynch2,3,4, Dr. Sanbing  Shen5, 
Prof. Louise  Gallagher1

1Trinity College Dublin, Dublin, Ireland. 2Our Lady’s Children’s Hos-
pital Crumlin, Dublin, Ireland. 3Children’s University Hospital, Dublin, 
Ireland. 4University College Dublin, Dublin, Ireland. 5National Univer-
sity of Ireland Galway, Galway, Ireland

Rare genetic variants, known as copy number variants (CNVs), such 
as NRXN1 deletions, have been associated with neurodevelopmental 
disorders (NDDs), such as autism spectrum disorder (ASD), intellec-
tual disability, and speech and language delay. NDDs are characterised 
by cognitive impairments, behavioural difficulties, and atypical brain 
development. NRXN1 encodes the presynaptic cell-adhesion protein 
neurexin which plays an important role in synaptic function. NRXN1 
is widely expressed in the brain, with high levels in the cerebellum. 
Differences in cerebellar structure and function have been identified 
in the pathophysiology of some NDDs. This study compares cerebel-
lum structure in individuals with NRXN1 deletions versus typically 
developing (TD) controls. It is hypothesised that NRXN1 deletions 
alter gene expression in the cerebellum, which may impact structural 
and or functional development, with potential cognitive and clinical 
implications. High resolution T1-weighted anatomical MRI scans were 
collected in 17 individuals with NRXN1 deletions (with or without an 
NDD) and 17 age- and gender-matched TD controls (age = 9–53 years). 
SUIT software was used to isolate the cerebellum and voxel-based 
morphometry (VBM) was performed. Total cerebellum grey matter 
(GM) volume and local grey matter concentrations were compared 
between NRXN1 deletion and control groups. Preliminary results show 
no group differences in total cerebellum volume, with estimated total 
intracranial volume, age and gender included as covariates. VBM sta-
tistics will be performed to assess cerebellar GM differences further. 
Characterisation of CNVs, such as NRXN1 deletions, represents a novel 
method through which an increased understanding of brain develop-
ment, cognitive function and NDD pathophysiology may be attained.

P31. Neuropsychiatric outcomes in carriers of NRXN1 deletions 
compared to idiopathic autism (iASD) and typically developing 
(TD) controls

S73



Irish Journal of Medical Science (1971 -) (2022) 191 (Suppl 3):S65-S79 

1 3

Ms. Anna  Begley1,2*, Dr. Ciara J  Molloy1,2, Dr. Jacqueline E 
 Fitzgerald1,2, Dr. Niamh  McDevitt3, Mr. Matthew O’Sullivan1,2, Dr. 
Maryam Al-Shehhi4, Prof. Richard  Reilly3, Dr. Sally Ann  Lynch4,5,6, 
Prof. Sanbing  Shen7, Dr Thomas  Dinneen1,2, Mr Richard O’Connaill1,2, 
Prof. Louise  Gallagher1,2

1Department of Psychiatry, School of Medicine, Trinity College, 
Dublin, Ireland. 2Trinity Centre for Health Sciences, St. James’s 
Hospital, Dublin, Ireland. 3Trinity Centre for Biomedical Engineer-
ing, Dublin, Ireland. 4Department of Clinical Genetics, Our Lady’s 
Children’s Hospital, Dublin, Ireland. 5Children’s University Hospital, 
Temple Street, Dublin, Ireland. 6Academic Centre on Rare Diseases, 
School of Medicine and Medical Science, University College Dublin, 
Dublin, Ireland. 7Regenerative Medicine Institute, School of Medi-
cine, National University of Ireland (NUI) Galway, Galway, Ireland

Background: Neurodevelopmental  and neuropsychiatric  disorders 
(NDDs) are clinically heterogeneous and often present with co-morbidities.  
Neurogenetics has highlighted the prevalence of genomic changes 
in NDDs, particularly in rare neurodevelopmental copy number variants 
(ND-CNV). NRXN1 deletions are one rare ND-CNV linked to a range 
of NDDs, including ASD, intellectual disability and schizophrenia. By 
examining clinical, cognitive and behavioural characteristics in indi-
viduals with NRXN1 deletions we can gain better understanding of the 
molecular mechanisms that underly NDDs. This study aims to investigate 
the prevalence of psychiatric conditions in NRXN1 deletion carriers com-
pared to iASD and TD groups using the Developmental and Wellbeing 
Assessment (DAWBA).
Methods: The DAWBA and the strengths and difficulties question-
naire (SDQ) were collected from 12 NRXN1 deletion carriers (9 M; 
4F) aged < 18 years at TCD. Age- and gender-matched iASD and TD 
groups will be identified from the AIMS-2-TRIALS LEAP study to 
assess differences in the prevalence of DAWBA predicted psychiatric 
diagnoses.
Analysis: DAWBA data demonstrated that autism, ADHD and oppo-
sitional defiant disorder were the most commonly identified disorders 
in the NRXN1 deletion cohort. 41.7% had a high probability of hav-
ing one or more psychiatric condition. Additionally, NRXN1 del car-
riers were more likely than the other three groups to have a slightly 
raised hyperactivity level. We will further compare NRXN1 del car-
riers, iASD and TD groups.
Conclusion: This  study  will maximise our understanding 
of NDDs by focusing on ND-CNVs links to clinical and behavioural 
phenotypes. This may enable integrating genomic research and clini-
cal care and benefit the families impacted by NRXN1 deletions.

P32. Identification of a rare chromosomal insert as the cause of 
X-Linked Hypophosphatemic Rickets

Mr. Sean  Hegarty1*, Dr. Susan  McNerlan1, Ms. Louise  Rauch1, Prof. 
Patrick  Morrison2, Dr. Tabib  Dabir2, Dr. Shirley  Heggarty1

1Regional Genetics Laboratory, Belfast, United Kingdom. 2Depart-
ment of Clinical Genetics, Belfast, United Kingdom

X-Linked hypophosphatemic rickets is a common cause of inherited 
rickets and is most often caused by defects in the phosphate regulat-
ing gene PHEX located on Xp22.11. Here we consider the underly-
ing genetic abnormality in a local family presenting with hypophos-
phatemic rickets across two successive generations.
Initial testing in the family proband by targeted NGS panel analy-
sis identified a potential translocation involving 6q21 and Xp22.11. 
However, G banded chromosomal analysis of metaphase cells failed 
to identify a translocation. Subsequently Illumina CytoSNP 850 k 
array analysis and FISH analysis using an Empire Genomics probe 
for the 6q21 region confirmed the presence of a duplication of this 

region and showed that the duplicated material had been inserted into 
the short arm of the X chromosome.
Utilising the initial NGS data we designed primers to cover one of 
the breakpoints on Xp22.11 and confirmed by bi directional Sanger 
sequencing that the duplicated material interrupts the PHEX gene 
in exon six of twenty-two. This interruption is predicted to result in 
an abnormal protein product which would be targeted for nonsense 
mediated decay. This insertion was also confirmed in our proband’s 
mother who had a clinical diagnosis of hypophosphatemic rickets.
In conclusion we have shown the utility of molecular and traditional 
cytogenetic techniques in determining the underlying genetic cause 
of hypophosphatemic rickets in a local family.

P33. Published https:// doi. org/ 10. 1007/ s10803- 021- 05417-7

P34. Validation of the MRC Holland P062-D2 multiplex ligation-
dependant probe amplification (MLPA) methodology to detect 
Copy number variants (CNVs) in the LDLR gene, associated with 
Familial Hypercholesterolaemia

Ms. Sarah  Savage1*, Mr. Phillip  Holmes1, Ms. Elena  Walsh1, Dr. 
Vivion  Crowley1, Mr. Brendan  Mullaney2, Ms. Catriona  Keenan2, Dr. 
Patricia O’Connor3, Dr. Ana  Rakovac4, Prof. Vincent  Maher4, Prof. 
Brendan  McAdam5, Mr. Padraig  Hart6

1Biochemical Genetics Laboratory, Biochemistry Department, St 
James’s Hospital, Dublin, Ireland. 2Haemostasis Molecular Diagnos-
tics Laboratory, St James’s Hospital, Dublin, Ireland. 3Dept of Phar-
macolgy& Therapeutics, TCD Health Sciences Building, St James’s 
Hospital, Dublin, Ireland. 4Dept of Clinical Chemistry, Tallaght Uni-
versity Hospital, Dublin, Ireland. 5Dept of Cardiology, Beaumont 
Hospital, Dublin, Ireland. 6Northern Ireland Regional Genetics Unit, 
Belfast City Hospital, Belfast, United Kingdom

Familial hypercholesterolaemia (FH) is a common autosomal dominant 
disorder which is predominantly related to genetic variants within the 
LDLR gene. This locus has a high frequency of Alu repeat elements 
and consequently copy number variations (CNV’s) account for over 
10% of the detectable FH pathogenic variants in LDLR, including sin-
gle exon or multi-exon deletions and duplications. The current gold 
standard for CNV detection in LDLR is multiplex ligation dependent 
probe amplification (MLPA).
St James’s Hospital Biochemical Genetics Laboratory, NGS analysis 
has reported 210 LDLR variants to date, representing a diagnos-
tic rate of 36%.However, to enhance this service an LDLR MLPA 
assay (SALSA MLPA Probemix P062 LDLR MRC Holland) was 
developed and validated. Verification included an assessment of 
reproducibility (CV = 100%), repeatability (CV = 100%) and clini-
cal performance characterisation (100% sensitivity and specificity) 
which led to INAB accreditation under ISO 15189. Protocols were 
subsequently established to select patients for MLPA analysis based 
on DLCN score and negative NGS scan.
The combination of NGS and selected MLPA analysis has led to a 
definitive diagnosis in 38% of FH patients. Overall, 9 LDLR CNVS 
were detected in 13 unrelated FH patients, including 7 single or 
multi-exon deletions, and 2 duplications (increased dosage), includ-
ing two novel CNV’s; multi exon deletion of exons 3–11 and dupli-
cation of exon 16.
Overall, the verification of this method has proved to be an effective 
adjunct in establishing a genetic diagnosis of FH, particularly in 
NGS negative patients who have a high phenotypic risk.

P35. Genetic characterisation of copy number variants (CNVs) 
by identifying genomic breakpoints in large whole exon and 
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multi-exon deletions in the LDLR gene, associated with Familial 
Hypercholesterolaemia

Ms. Sarah  Savage1*, Mr. Jonathan Berry-Walshe1, Ms. Elena  Walsh1, 
Mr. Philip  Holmes1, Dr. Vivion  Crowley1, Dr. Patricia O’  Connor2, 
Dr. Maeve  Durkan3

1Biochemical Genetics Laboratory, Biochemistry Department, St 
James’s Hospital, Dublin, Ireland. 2Dept of Pharmacolgy& Thera-
peutics, TCD Health Sciences Building, St James’s Hospital, Dublin, 
Ireland. 3Dept of Endocrinology, Bons Secours Hospital, Cork, Cork, 
Ireland

Familial hypercholesterolaemia (FH) is a relatively common auto-
somal dominant disorder due primarily to variants in LDLR, which 
predisposes to premature CVD. The most cost-effective strategy for 
identifying FH is genetic cascade screening in kindreds with an identi-
fied proband. Over 10% of FH-causing variants are attributed to copy 
number variants (CNV’s) and MLPA is commonly used to detect 
these complex rearrangements in the LDLR. However, limitations of 
this method include the inability to determine the exact breakpoint 
sequence where the deletion/duplication occurs and its expense as a 
sole cascade screening method within large FH family groups. Thus, 
characterisation of CNV breakpoints not only provides insights into FH 
pathogenesis but can also facilitate development of less complex and 
more cost-effective cascade-screening assays.
A strategy combining both short- and long-range PCR techniques and 
Sanger sequencing was applied to elucidate the nature and extent of 
breakpoints in known LDLR CNVs. More specifically, a novel break-
point in a heterozygous deletion of exon 6 was initially identified 
using a short-range PCR tiling strategy. Subsequently, this variant was 
used to validate long-range PCR assays for use in the identification of 
breakpoints in two multi-exon CNVs—heterozygous deletions of exon 
4–6 and exons 15–18. This PCR-based approach revealed breakpoints 
incorporating Alu sequences in the flanking intronic DNA suggesting a 
non-allelic homologous recombination (NAHR) mechanism.
The addition of the breakpoint sequences to NGS FH sequencing pan-
els could increase the detection rate of CNVs in the FH patient cohort 
in a cost effective manner.

P36. Evaluation of Inherited Retinal Disease patients following 
negative result from panel testing.

Dr. Julia  Zhu1*, Dr. Kirk  Stephenson1, Dr. Adrian  Dockery2, Dr. Laura 
 Whelan3, Ms. Jacqueline  Turner1, Dr. James O’Byrne1, Prof. G. Jane 
 Farrar3, Prof. David  Keegan1

1Clinical Genetics Centre for Ophthalmology, Mater Misericordiae 
University Hospital, Dublin, Ireland. 2Next Generation Sequencing 
Laboratory, Pathology Department, Mater Misericordiae University 
Hospital, Dublin, Ireland. 3The School of Genetics and Microbiology, 
Trinity College Dublin, Dublin, Ireland.

Introduction: First-tier screening of inherited retinal degenerations 
(IRD) with next generation sequencing (NGS) has a diagnostic yield 
of ~ 70%1. Whole exome/genome sequencing (WES/WGS) may detect 
further variants, resolving up to 79% of  pedigrees2 however they come 
with increased cost and need for capacity to manage secondary find-
ings. Deep phenotyping is required to assess which genetic testing 
modality is most appropriate.
Methods: Patients enrolled on the Target 5000 study who had nega-
tive result after NGS  techniques1,3 were reassessed by reviewing their 
records (clinical examinations, multi-modal imaging, electrodiagnos-
tics). This was performed by 3 clinicians in a masked fashion.
Results: 67 patients from 50 pedigrees were identified. 72% (n = 48) 
retained a clinical diagnosis of IRD. 4% (n = 2) were referred to 

the metabolic service for further investigation. 25% (n = 17) were 
deemed non-IRD (4 uveitis, 1 neuro-ophthalmology, 12 AMD). Of 
those 48 clinically IRD patients, 8% (n = 4) were resolved by further 
sequencing during the process, 10% (n = 5) patients had a single 
variant associated with autosomal recessive disease and will undergo 
single gene sequencing for the second variant. 3 pedigrees (n = 15) 
have undergone WGS and 1 pedigree has been resolved. The remain-
ing 48% (n = 23) will be reassessed by the clinical genetics team to 
determine the most appropriate additional genetic testing modalities 
(e.g., SLA array, WES or WGS).
Conclusion: After reassessment, further genetic testing was not nec-
essary in 28% of patients by either identifying an alternative diagno-
sis or referring them onto an appropriate specialty. A care pathway 
has been developed for the resolution of these patients.

P37. A Study of Plexiform Neurofibromas in Neurofibromatosis 
type 1 patients in Northern Ireland

Dr. Deirdre  Donnelly1*, Prof. Patrick  Morrison1, Ms. Siobhan  Harding1

1Northern Irelan Regional Genetics Centre, Belfast, United Kingdom

Plexiform neurofibromas, arising from the nerve sheath, are the most 
frequent tumours associated with Neurofibromatosis type 1 (NF1). 
They cause a variety of complications, including disfigurement, with 
is often associated with loss of self-esteem, pain, and functional impair-
ment. They can also undergo malignant change. Surgical resection is 
difficult as the lesions grow along nerve sheaths and, consequently, 
regrowth is common post-operatively. Medical treatment, such as MEK 
inhibitors, have recently been trialled, with good results. We have 
characterised plexiform neurofibromas in our NF1 cohort of patients. 
There are > 500 NF1 patients known to the Regional Genetics Centre in 
Northern Ireland, with around 20% having a plexiform neurofibroma. 
Descriptive statistics were carried out in this group to ascertain the 
commonest locations, presenting age and symptoms, and proportion 
of patients requiring surgery.

P38. Dermatological Manifestations of Fabry’s Disease in Ireland 
and towards Investigating a Genotype–Phenotype Correlation

Dr. Anna  Witkowska1*, Mr. Darragh  Nerney1, Dr. James O’Byrne1,2

1National Centre of Inherited Metabolic Diseases, Mater Misericor-
diae Univeristy Hospital, Dublin, Ireland. 2Trinity College Dublin, 
Dublin, Ireland

Introduction: Fabry’s disease (FD) is a rare, x-linked lysosomal storage 
disorder that results in accumulation of globotriaosylceramide. Derma-
tological changes, primarily angiokeratomas, are the earliest objective 
manifestations of the disease; however there is still a considerable delay 
in diagnosis. We are unaware of any established genotype–phenotype 
correlation in FD.
Aim: To review the dermatological manifestations in FD patient 
cohort in the national Centre for Inherited Metabolic Diseases 
(NCIMD) to investigate: 1. The type of dermatological manifesta-
tions present in the Irish Fabry’s Disease Cohort. 2. Time from onset 
to diagnosis.
Methods: A retrospective review of all adult patients with FD who 
attend the National Centre for Inherited Metabolic Disorders-Adult 
Service (NCIMD) in Dublin was conducted noting the dermatologi-
cal manifestations, age of onset and genotype. Statistical analysis 
was conducted using SPSS version 25.
Results: Out of 80 patients attending NCIMD, 41 (51%) had skin 
changes. Angiokeratomas were present in 25 (31%) patients, edema 
in 19 (24%) patients and hypo/hyperhidrosis in 11 (14%) patients. 
Only 4/11 probands with dermatological manifestations were 
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diagnosed based on the presence of them. The average age of onset 
of angiokeratomas was 21 years for females and 15 years for males. 
The average time lag from symptom onset to diagnosis was 8.5 years 
for females and 9.5 years for males.
Conclusions: 1. Angiokeratomas are important but underappreciated 
early diagnostic feature of FD. 2. These manifestations are highly 
non-specific what can lead to delay in diagnosis. 3. All 41 patients 
have had GLA genotyping and we are currently investigating for a 
genotype–phenotype correlation.

P39. Pitfalls in the Application of Genetic Variant Interpretation 
Guidelines

Dr. Adrian  Dockery1,2*, Ms. Laura  Whelan2, Dr. James O’Byrne3,4, Ms. 
Jackie  Turner4, Dr. Julia  Zhu4, Prof. David  Keegan4, Dr. Paul  Kenna2,5, 
Prof. G. Jane  Farrar2, Prof. Peter O’Gorman1, Dr. Sinéad  Howard1

1Next Generation Sequencing Laboratory, Pathology Department, 
Mater Misericordiae University Hospital, Dublin, Ireland. 2The School 
of Genetics and Microbiology, Trinity College Dublin, Dublin, Ireland. 
3National Centre for Inherited Metabolic Disorders, Mater Misericor-
diae University Hospital, Dublin, Ireland. 4Clinical Genetics Centre 
for Ophthalmology, Mater Misericordiae University Hospital, Dublin, 
Ireland. 5The Research Foundation, Royal Victoria Eye and Ear Hos-
pital, Dublin, Ireland

The first major milestone of modern-day genetic variant assessment 
was the 2015 publication of the American College of Medical Genetics 
guidelines for variant interpretation. These guidelines were established 
to add structure to types of evidence that were used to classify variants, 
on a spectrum from benign to pathogenic. The sources of data consid-
ered include population, computational, functional and segregation.
Despite the diverse sets of data incorporated into the recommended 
variant assessment, there are still several gaps that exist which inevitably 
lead many variants to the classification of unknown significance. Vari-
ants of incomplete penetrance pose complications for using segregation 
and population data, as those carrying the variant may not be affected 
as expected. Furthermore, this may also cause a higher than expected 
allele frequency in the control population. One such variant in the Irish 
population is a PRPF31 heterozygous whole gene deletion, resulting in 
retinitis pigmentosa, a condition which causes progressive blindness.
Another shortcoming of the guidelines concerns the interpreta-
tion of splice variants. Although canonical splice site variants are 
considered, many other intronic variants such as non-canonical, 
near-exonic and deep-intronic variants have also been shown to be 
pathogenic. Recently, a deep-intronic variant associated with Star-
gardt Disease was found to be enriched in the Irish population, 
ABCA4-NM_000350.2:c.4539 + 2028C > T.
These knowledge gaps can be addressed by research groups whom the 
clinical genetics community are particularly reliant upon for generation 
of functional data such as novel enzyme assays, splice-site analyses 
and bespoke validation experiments. These will prove invaluable in 
advising future guidelines in genomics.

P40. Management of SADS Biobank in Next Generation Sequencing 
Laboratory at the Mater Misericordiae University Hospital

Ms. Nisha  Gangadharan1, Ms. Casey O’Callaghan1*, Prof. Aurelie 
 Fabre2, Dr. Catherine  McGorrian3, Dr. Deirdre  Ward4, Ms. Margeret 
 Gallagher3, Dr. Sinead  Howard1, Dr. Joseph  Galvin3, Prof. Peter 
O’Gorman1

1Next Generation Sequencing Laboratory, Pathology Department, 
Mater Misericordiae University Hospital, Dublin, Ireland. 2Department 
of Histopathology, St Vincent’s University Hospital, Dublin, University 
College Dublin, School of Medicine, Dublin, Ireland. 3Mater Inherited 

Cardiac Conditions Clinic, Department of Cardiology, Mater Miseri-
cordiae University Hospital, Dublin, Ireland. 4Department of Cardiol-
ogy, Tallaght University Hospital, Dublin, Ireland

Sudden cardiac death (SCD) is the most common cause of death in 
Western countries with an incidence of ~ 1.34:100,000 for the ages 
7—64, with 5—8% of those showing no evidence of any structural 
cardiac abnormality or any coronary disease at autopsy in Europe. If 
sudden death cannot be explained even after post mortem, it is con-
sidered as Sudden Arrhythmic Death Syndrome (SADS), which is a 
preventable condition when diagnosed in advance. The SADS Study 
is a collaborative work with the Steering Committee on Adult Sud-
den Death of the Irish Heart Foundation, University College Dublin 
and the Health Service Executive. The collaboration has two main 
functions; 1) tissue collection from deceased patients with a suspected 
unexpected sudden cardiac death and 2) clinical and genetic screen-
ing of family members. The SADS biobank is centralized in the Next 
Generation Sequencing (NGS) Laboratory at the Mater Misericordiae 
University Hospital (MMUH) and allows for genetic studies to test for 
channelopathies and cardiomyopathies. The Family Heart Screening 
Clinic at MMUH performs protocol-driven screening tests for family 
members of SADS victims who attend the clinic through referral from 
hospital, general practitioner or pathologists, or self-referral for inherit-
able cardiac diseases.
Since its establishment in May 2015, the biobank has received 261 
samples. Following receipt of individual consent organized through 
the Family Heart Screening clinic, genetic testing has taken place on 
42 cases (16%). The management of the SADS biobank in the NGS 
Laboratory will be described in this process.

P41. Diagnostic yield of panel testing in a cohort of Inherited 
Retinal Degeneration (IRD) patients in Northern Ireland

Ms. Claire W  Kirk1*, Ms. Evelyn  Moore1, Mr. Vittorio  Silvestri1, Ms. 
Rebecca  Cairns1, Dr. Adrian  Dockery2,3, Ms. Laura  Whelan2, Prof. G 
Jane  Farrar2, Ms. Giuliana  Silvestri1

1NICRN Vision, Royal Victoria Hospital, Belfast Health & Social 
Care Trust, Belfast, United Kingdom. 2Smurfit Institute of Genetics, 
Trinity College Dublin, Dublin, Ireland. 3Next Generation Sequenc-
ing Laboratory, Pathology Department, Mater Misericordiae Univer-
sity Hospital, Dublin, Ireland

Introduction: Genetic testing for IRD has evolved rapidly with next 
generation sequencing. The addition of new genes to diagnostic panels 
increases the likelihood of detecting disease-causing variants and vari-
ants of uncertain significance (VUS)
Aim: Review panel results from patients referred to the IRD clinic 
to determine the distribution of clinically actionable variants (patho-
genic/likely pathogenic, P/LP) and VUS.
Methods: Data was collected by reviewing molecular diagnostic 
reports from probands tested 2019–2020.
Results: We reviewed panel screening results from 153 patients. 
The panels ranged in size from single gene (ABCA4, USH2A) to 
large retinal dystrophy panels. Overall molecular yield was 64.1%; 87 
patients (56.9%) had a molecular diagnosis after testing, 11 patients 
(7.2%) had VUS with the potential to be reclassified as likely patho-
genic. 38 patients with Stargardt disease had a relatively high yield 
of molecular diagnoses with 32 (84%) testing positive for two P/LP 
variants in the ABCA4 gene. Out of 47 rod cone dystrophy patients, 
molecular yield was 72.3%; 27 (57.4%) had P/LP variants/partial or 
whole gene deletions and 7 (14.9%) had VUS. Four cone dystrophy 
patients were tested, one had a molecular diagnosis (25%) and one 
had a VUS. Out of three macular dystrophy patients tested, one had 
a molecular diagnosis (33.3%).
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Conclusion: Panel testing has allowed over half of the patients in 
this cohort to receive a molecular diagnosis. Although our numbers 
were small, the low diagnostic yield seen in cone dystrophy and 
macular dystrophy testing corresponds to that found in other groups.

P42. PorphyriaDB—a cloud-driven genetic database for the acute 
hepatic porphyrias

Dr. Micheál Mac Aogáin1,2*, Dr. Brendan  Lawlor3, Ms. Sarah  Savage1, 
Ms. Elena  Walsh1, Ms. Nadia  Brazil1, Dr. Erum  Rasheed1, Dr. Thomas 
 Cronin1, Dr. Vivion  Crowley1

1Biochemical Genetics Laboratory, Department of Biochemistry, St. 
James’s Hospital, Dublin, Ireland. 2Clinical Biochemistry Unit, School 
of Medicine, Trinity College Dublin, Dublin, Ireland. 3Department of 
Computer Science, Munster Technological University, Cork, Ireland

The acute hepatic porphyrias (AHPs) are autosomal-dominant genetic 
disorders that can manifest with acute neurovisceral attacks causing 
serious morbidity, and pathological variants in the haem biosynthetic 
pathway genes HMBS, PPOX and CPOX underpin this group of disor-
ders. Our laboratory runs a de facto Irish national molecular diagnostic 
service for the acute porphyrias, which has enabled the identification 
of AHP genetic susceptibility in > 90% of Irish kindreds. Access to up-
to-date classifications of mutations is a key requirement in reporting 
on the pathogenicity of genetic variants identified during molecular 
diagnostic analysis. Therefore, although genetic confirmation is a cen-
tral requirement for definitive diagnosis of AHP susceptibility, to date 
there is no genetic variant database available providing comprehensive 
reference information, including in-silico and functional characterisa-
tion of AHP-related genetic variants, to enable this process.
In an effort to automate our diagnostic pipeline, we curated an in-
house genetic reference database for annotation of missense variants in 
HMBS, PPOX and CPOX. To ensure reproducibility, transparency and 
accessibility to the broader porphyria community, we employed a back-
end cloud-native infrastructure for database curation (PorphyriaDB.
com). The result is a secure and scalable system that can nevertheless 
be updated by means of a simple spreadsheet or CSV file. It was built 
on Amazon Web Services (AWS) using an Infrastructure as Code (IaC) 
approach, enabling future similar databases to be deployed with mini-
mum expense and effort. The database incorporates prediction scoring 
of variants, based on established prediction tools and meta-predictor 
algorithms, benchmarked against functionally validated mutations 
associated with the aetiopathogenesis of AHP.

P43. Heterozygous deletion of PRFP31 resulting in Autosomal 
Dominant Retinitis Pigmentosa—Therapeutic Implications

Dr. Emma  Duignan1*, Dr. Paul  Kenna1,2, Dr. Laura  Whelan2, Dr. 
Adrian  Dockery2, Prof. G. Jane  Farrar2, Dr. Susanne  Roosing3

1Research Foundation, The Royal Victoria Eye and Ear Hospital, Dub-
lin, Ireland. 2Ocular Genetics Unit, The University of Dublin, Trinity 
College, Dublin, Ireland. 3Department of Human Genetics and Don-
ders Institute for Brain, Cognition and Behaviour, Radboud University 
Medical Center, Nijmegen, Netherlands

Retinitis Pigmentosa (RP) is a group of inherited retinal degenera-
tions. Autosomal dominant RP (adRP) is genetically highly hetero-
geneous. At least 30 genes have been implicated as causative, one 
of which is PRPF31. The Inherited Retinal Degenerations Service 
at the Royal Victoria Eye and Ear Hospital, Dublin, Ireland has, in 
collaboration with the Ocular Genetics Unit at Trinity College Dub-
lin, been engaged in Next Generation Sequencing (NGS) of patients 
attending the Service since 2011. This genotyping exercise has more 
recently been extended to cover the island of Ireland, Target 5000, and 

to include whole genome sequencing (WGS). Resulting from this on-
going study, a patient with adRP was ascertained and clinically char-
acterised over a seven-year period. WGS identified an approximately 
26 kb heterozygous deletion of the entire PRPF31 gene, together with 
the adjacent TFPT gene and the promoter of NDUFA3. PRPF31 is an 
important component of the spliceosome, involved in pre-RNA splic-
ing. PRPF31 variants are estimated to account for 10% of adRP. Most 
are single base changes or deletions. Total deletion of the gene has been 
uncommonly reported. Many autosomal dominantly inherited retin-
opathies are due to the dominant negative effects of the pathogenic 
gene variant driving the disease process. Gene replacement alone is 
unlikely to result in benefit and a strategy of ‘Suppression and Replace-
ment’ may be required to achieve a therapeutic effect. Total deletion 
of PRPF31 suggests haploinsufficiency as the causative mechanism in 
this patient, raising the possibility that gene replacement alone may, in 
fact, be a therapeutic option.

P44. The spectrum of gene mutations associated with Hypertrophic 
Cardiomyopathy in an Irish cohort

Dr. Heather  Cronin1*, Dr. Jane  Murphy1, Ms. Margaret  Gallagher1, Dr. 
Joseph  Galvin1, Dr. Catherine  McGorrian1

1Mater Misericordiae University Hospital, Dublin, Ireland.

Introduction: Hypertrophic cardiomyopathy (HCM) is the most com-
mon inherited cardiac disorder. It affects 1:500 people and is associ-
ated with cardiac hypertrophy and sudden death. It is inherited in an 
autosomal dominant fashion. Up to 60% of affected individuals carry a 
mutation in a sarcomere gene. Rarer aetiologies include mitochondrial 
defects, lysosomal storage disorders and other phenocopies. We sought 
to catalogue the genetic landscape of HCM in an Irish cohort.
Methods: A retrospective analysis of the clinical database of an 
inherited cardiac conditions clinic was undertaken. All patients 
with ‘gene positive’ hypertrophic cardiomyopathy were reviewed. 
All ACMG Class 4 and 5 variants were recorded. Class 3 variants in 
candidate genes were also recorded, although not actionable.
Results: The results of genetic testing for 254 HCM patients were 
reviewed. 238 patients (94%) had a single gene variant. 13 patients 
(5%) had digenic disease. The remaining 3 patients (1%) had poly-
genic disease. MYBPC3 was the most commonly implicated gene 
in sarcomeric HCM with 116 patients (45.6%) carrying a Class 4 or 
5 mutation. MYH7 mutations were found in 51 patients (20%). Tro-
ponin mutations were found in 20 patients (6.8%). Although classi-
fied as a VUS, there was an overrepresentation of FHOD3 mutations 
with 20 patients (7.8%) carrying a variant. In 15 patients (5.9%) it 
was the only associated gene variant. 41 patients (16%) had patho-
genic mutations in PRKAG2, LAMP2 and mitochondrial genes.

P45. X marks the spot: X-Inactivation as a cause of severe Danon 
disease in females

Dr. Heather  Cronin1*, Ms. Margaret  Gallagher1, Dr. Catherine 
 McGorrian1, Dr. Joseph  Galvin1

1Mater Misericordiae University Hospital, Dublin, Ireland

Background: A 22 year old female patient presented to hospital in 
acute heart failure with ventricular arrhythmias and cardiogenic shock. 
Echocardiography revealed severe concentric left ventricular hypertro-
phy and systolic dysfunction. Her clinical history was notable for mild 
intellectual disability, anxiety and depression but no skeletal muscle 
weakness. There was no family history of cardiac conditions or sudden 
death. Cardiac transplantation was performed.
Genetic Analysis: Genetic testing was performed using an extended 
panel for mutations associated with hypertrophic cardiomyopathy. 
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This revealed a Class 4 mutation in the lysosomal associated mem-
brane protein-2 gene (LAMP2 c.742-1G > C). She was diagnosed 
with Danon disease, a rare X-linked autosomal dominant condition 
causing severe cardiac hypertrophy, neuropsychiatric problems and 
skeletal myopathy. Cascade family testing demonstrated that her 
mother was also a gene carrier but clinically unaffected.
As in other X-linked conditions, severe clinical presentations such 
as this are unusual in females. In view of the phenotypic variability, 
X-inactivation studies were performed on both the proband and her 
mother. The results demonstrated that the proband had 86% inactivation 
of her paternal X allele. This skewed inactivation resulted in disease 
severity comparable to a male.
Discussion: X-inactivation, or Lyonization, is an important and over-
looked cause of X-linked disease expression in heterozygous females. 
The concept that female carriers of pathogenic mutations are mosaics 
should be considered in all cases and evidence of skewed X-inactivation 
should be sought. Rates of X-inactivation may be tissue specific. The 
traditional concept of X-linked disorders only causing severe pheno-
types in males needs to be abandoned.

P46. Removing the uncertainty from variants of unknown significance: 
a modified variant classification approach

Ms. Sarada Gandhi  Kolli1*, Dr. Sinead  Howard1, Ms. Nisha 
 Gangadharan1, Dr. Gordon  Blackshields1, Dr. Joseph  Galvin2, Dr. 
James J O’Byrne3,4, Prof. Peter O’Gorman1

1Next Generation Sequencing Laboratory, Pathology Department, 
Mater Misericordiae University Hospital, Dublin, Ireland. 2Mater 
Inherited Cardiac Conditions Clinic, Department of Cardiology, Mater 
Misericordiae University Hospital, Dublin, Ireland. 3National Centre 
for Inherited Metabolic Disorders, Mater Misericordiae University 
Hospital, Dublin, Ireland. 4Clinical Genetics Centre for Ophthalmol-
ogy, Mater Misericordiae University Hospital, Dublin, Ireland

Background: The Next Generation Sequencing (NGS) Laboratory at 
the Mater Misericordiae University Hospital uses the guidelines from 
American College of Medical Genetics (ACMG) and ClinGen group 
to assess and classify genetic variants. The number of class III Variant 
of Uncertain Significance (VUS) in diagnostics reports are increasing 
given the number of variants that are being discovered. There is an 
excessive need to decrease the uncertainty in clinical reporting and to 
provide a conclusive, specific and accurate answer to clinicians and 
their patients. The strength of certain ACMG criteria can be modified 
based on available information, which can result in the upgrade or 
downgrade of the classification of a variant.
Methods: The NGS Laboratory has undertaken a review of the ACMG 
criteria to which modified strengths can be applied, to better understand 
the evidence required to change the classification from a VUS for or 
against pathogenicity.
Results: The PP2 criteria (Cosegregation with disease in multiple fam-
ily members) can be upgraded from supporting evidence to medium/
strong evidence, based on the number of segregations in the family. 
Also, criteria PS3 (well established in vitro or in vivo functional stud-
ies) can be downgraded from strong to moderate/ supporting, based on 
the type of assay and control data used. This approach will be discussed 
with case studies, which resulted in a change of classification from a 
VUS. The presented cases provide examples where additional avail-
able information can be used to address the increasing identification 
of VUS.

P47. Complex phenotype of ARCN1 gene related disorder

Dr. Vivienne  McConnell1*

1Northern Ireland Regional Genetics Service, Belfast, United Kingdom

Monoallelic pathogenic ARCN1 gene variants cause autosomal domi-
nant ARCN1-related disorder, associated with consistent phenotype 
of short stature and rhizomelia, with microcephaly, microretrognathia 
and developmental delay in the 6 previously reported cases. Other less 
common manifestations include seizures, joint laxity, cleft palate, need 
for tracheostomy, cataracts, dental anomalies and transient defects in 
N-glycosylation.
To our knowledge we report 7th case worldwide who presented origi-
nally with antenatal detection of shortened long bones in the context 
of a family history of short stature and maternal Insulin Depend-
ent Diabetes Mellitus (IDDM), the complexities of diagnostic and 
research pathways and evolving clinical phenotype over 15 years 
in one patient. The patient history including posterior subcapsular 
cataracts, PDA, failure to thrive, short stature, nail and enamel hypo-
plasia, mild learning difficulties, joint laxity, microcephaly, micro-
gnathia, abnormal skeletal features and evolving dysmorphism will 
be presented. Diagnostic genetic testing confirmed the patient to 
be heterozygous for the pathogenic ARCN1 frameshift gene variant 
previously detected on research; impacts on reproductive counselling 
including prenatal options such as pre-implantation genetic diagno-
sis (PGD), empowerment and knowledge for the patient and family.
We further delineate the ARCN1 phenotype, an emerging disorder 
of developmental delay and skeletal manifestations and provide pos-
sible expansion of the phenotype of an underreported disorder.
This case demonstrates the efficacy of routine diagnostic use of 
trio whole exome sequencing (WES) in complex phenotypes with 
impact on the diagnostic pathway, potential management and treat-
ment options and increasing knowledge on evolving rare phenotypes.

P48. Genetic analysis of over 100 inherited retinal disease probands 
using whole genome sequencing and in vitro splice assays

Ms. Laura  Whelan1*, Ms. Zeinab  Fadaie2,3, Prof. Tamar Ben-Yosef4, 
Dr. Adrian  Dockery1,5, Ms. Zelia  Corradi2,3, Dr. Christian  Gilissen2,6, 
Dr. Jordi  Corominas2,6, Dr. Galuh D. N.  Astuti2,7, Ms. Laura de  Rooij2, 
Dr. L. Ingeborgh van den  Born8, Dr. Carel B.  Hoyng3,9, Dr. Niamh 
 Wynne10, Dr. Emma S.  Duignan10, Dr. Paul F.  Kenna1,10, Prof. Frans 
P.M.  Cremers2,3, Prof. G. Jane  Farrar1, Dr. Susanne  Roosing2,3

1The School of Genetics & Microbiology, Smurfit Institute of 
Genetics, Trinity College Dublin., Dublin, Ireland. 2Department of 
Human Genetics, Radboud University Medical Center., Nijmegen, 
Netherlands. 3Donders Institute for Brain, Cognition and Behavior, 
Radboud University Medical Center., Nijmegen, Netherlands. 4Rap-
paport Faculty of Medicine, Technion-Israel Institute of Technology., 
Haifa, Israel. 5Next Generation Sequencing Laboratory, Pathology 
Department, Mater Misericordiae University Hospital., Dublin, 
Ireland. 6Radboud Institute of Molecular Life Sciences, Radboud 
University Medical Center., Nijmegen, Netherlands. 7Division of 
Human Genetics, Center for Biomedical Research (CEBIOR), Fac-
ulty of Medicine, Diponegoro University., Semarang, Indonesia. 
8The Rotterdam Eye Hospital., Rotterdam, Netherlands. 9Department 
of Ophthalmology, Radboud University Medical Center., Nijmegen, 
Netherlands. 10The Research Foundation, Royal Victoria Eye and Ear 
Hospital., Dublin, Ireland

Purpose: Inherited retinal diseases (IRDs) are a major cause of visual 
impairment globally. These disorders are genetically heterogenous 
with > 270 genes associated to date. As 30–40% of IRD cases remain 
genetically unexplained following preliminary sequence analysis, we 
aimed to obtain a genetic diagnosis using whole genome sequencing 
(WGS) where the genetic cause of disease was not found using target 
capture or whole exome sequencing.
Methods: WGS was employed on 103 previously unresolved cases. 
After initial prioritization, we performed an in-depth interrogation 
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of all non-coding and structural variants in genes where one likely 
pathogenic coding or non-canonical splice site variant was detected. 
Functional analysis of putative splice-altering variants was performed 
using in vitro splice assays.
Results: We identified the genetic cause of disease in 28 patients who 
underwent WGS. Causative coding variants were observed in genes 
such as CEP78, FAM161A and HGSNAT. Pathogenic structural vari-
ants were detected in PRPF31 and RPGRIP1 as well as a CAG repeat 
expansion in ATXN7. In 18 monoallelic cases, we found an additional 
candidate non-coding variant which was predicted to disrupt the splic-
ing process in silico. We established a genetic diagnosis in 10 cases as 
they carried pathogenic splice defects.

Conclusions: WGS is a powerful tool to identify causative non-
coding and structural variants. This study highlights the importance 
of sequencing and functional analysis of non-coding regions beyond 
non-canonical splice-sites. Studies such as this are particularly rel-
evant given recent advances in splice modulating therapeutics, appro-
priate access to which will only be possible given an accurate genetic 
diagnosis.

Publisher’s Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.
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